ABSTRACT Studies have shown that cardiovascular risk factors, such as obesity, blood lipid levels, start early in childhood and some are on the rise in children. Data on trends are important in order to identify if there is a problem. This study, part of the Tehran Lipid and Glucose Study, determined and compared the prevalence of overweight and its associated risk factors in 2 555, 1 329 and 1 158 Tehran children and adolescents in 2000, 2003 and 2006 respectively. The participants were categorized into age groups 3-6, 7-12 and 13-17 years. Body mass index measurements were taken and blood pressure, fasting blood glucose, cholesterol and triglycerides measured. Overall the prevalence of obesity in Tehran children and adolescents increased significantly from 2000 to 2006 while blood pressure and serum lipid concentrations decreased. The causes for the decreased blood pressure and serum lipid concentrations should be evaluated. The increased prevalence of obesity in Tehran children and adolescents is of concern and requires monitoring.
Introduction
The increasing prevalence of obesity in recent years is a serious concern worldwide, in both developed and developing countries [1] . It is estimated that over 22 million children worldwide under the age of 5 years are overweight [2] . Occurring simultaneously with increasing numbers of overweight and obese children is an increase in the prevalence of metabolic syndrome, which consists of a set of risk factors for cardiovascular disease [3] . In a study involving obese children, the prevalence of metabolic syndrome was 35% in the obese group and 44% in the severely obese group [4] .
In developed countries, the increase in cardiovascular risk factors is inversely related to socioeconomic status; however, in developing countries, where changes are occurring in welfare and nutritional status, this is reversed [5, 6] . A study, conducted in America using national surveys from 1963 to 2002 in children 8-17 years old, found that high blood pressure and pre-high blood pressure in children and adolescents were on the rise [7] . In addition to general obesity, as described by body mass index (BMI), the increase in abdominal fat, based on waist circumference, is a better index for metabolic disorders and cardiovascular risk factors in all ages [8] .
During the period 1993-1999 in the Islamic Republic of Iran, the obesity prevalence in children and adolescents doubled [9] . In a study performed in a group of females 14-17 years old, overweight and obesity rates were 21.9% and 5.3%, respectively [10] . In a study involving children 7-12 years old, more than 12% showed waist circumferences above the 90 th percentile [11] . Another study conducted in children between 10-19 years old in Tehran city reported a metabolic syndrome prevalence of 10.1% [12] .
The Islamic Republic of Iran experienced a nutrition transition in the past decade and there was a lack of information on changes in cardiovascular risk factors in children and adolescents over this period of time in our capital city (Tehran 
Methods
This study was conducted as a part of the Tehran Lipid and Glucose Study, and the details have been published previously [13] . This consisted of was 3 cross-sectional studies over 3 time periods: 2000, 2003 and 2006 in which 2 555, 1 329, 1 158 children and adolescents (3-17 years old) participated respectively. Briefly, the children and adolescents recruited were residents of district No. 13 of Tehran (one of the 22 districts of the city) and were under the coverage of three medical health centres. A total of 15 005 individuals aged 3 years and over were selected using multistage cluster random sampling method. All members of each family, including those not having risk factors, were invited for baseline measurements to be followed every 3 years. The age distribution and socioeconomic status of the population in district No. 13 is representative of overall population of Tehran.
In each phase of the study, a questionnaire was completed, which included past medical record, family history of noncommunicable diseases, amount of physical activity and cigarette smoking. A short physical examination was performed which included height and weight measurements to calculate body mass index (BMI), waist circumference and blood pressure measurements. Weight was measured without shoes and with just underwear. Height measurements were performed using a standard method [13] . Waist circumference was measured about the naval, and the hip circumference was also recorded at the highest point of the hip with a meter measuring tape. BMI was calculated by dividing the weight (kg) by height squared (m 2 ). Blood pressure was recorded in a sitting position after 15 minutes of rest in two 5-minute intervals. These measurements were done with a standard mercury sphygmomanometer on the right arm, and the mean of the two-recorded measurements was used for comparison.
A venous blood sample was taken from each subject in a sitting position between 07:00 and 09:00 following 12-14 hours of fasting. Total cholesterol and triglyceride levels were measured by an enzymatic method and chromatography (Kit Pars Test, Islamic Republic of Iran) was measured after lipoprotein precipitations containing apolipoprotein-B. LDL was calculated with the Friedewald formula [14] . Glucose was measured by an enzymatic assay and with chromatography by a glucose oxidase method. Inter-and intra-assay coefficients of variation were 2.2% for glucose, 2% and 0.5% for total cholesterol and 1.6% and 0.6% for triglycerides, respectively.
The methods for clinical and laboratories measurements were the same in the 3 phases of the study.
Definitions
Overweight and obesity were defined according to the international percentile in each sex for 2-18 years [15] . Cholesterol concentrations of ≥ 200 mg/dL were considered high and those of 170-200 mg/dL were considered borderline high. LDL concentrations > 130 mg/dL were considered high and those 110-130 mg/dL considered borderline high. Triglyceride levels > 150 mg/dL and HDL levels < 35 mg/ dL were considered abnormal [16] .
Statistical analyses
Subjects were divided into three age groups (3-6, 7-12, and 13-17 years old) in each of the 3 study phases. The mean and standard deviation of each variable were calculated for each temporal period for all participants and in each age group for both sexes. ANOVA was used to compare the variable means in the defined time periods and between different age groups and sexes. If the ANOVA test was significant, a multiple comparison test was used to evaluate the groups. P < 0.05 was considered statistically significant.
Results
In 2000, 2003, and 2006, 2 555, 1 329, 1 158 children participated in the study respectively. Their mean ages and the number of subjects in each age group are shown in Table 1 .
Changes in cardiovascular risk factors for girls and boys are shown in Tables 2 and 3 Table 4 shows the data on the abnormality in risk factors in the 3 intervals in the study. The overweight prevalence in boys in the 13-17 years age group was greater compared to the other groups in all 3 periods.
An abnormal waist circumference was defined as being greater than the 70% percentile for that gender and age. The boys in all age groups showed increased waist circumferences in the second and third periods; however, no increases were observed in the girls in any age group.
In 2000, total cholesterol values were high in 41% of the boys. Of these, The high triglyceride levels in both boys and girls decreased significantly during the 3 periods. In 2000, LDL levels were high in 37.2% of the boys in all age groups, of whom 23.4% had levels between 110 mg/dL and 129 mg/dL and 13.8% had levels > 130 mg/dL. In 2003, LDL levels in 21% of the boys were between 110 mg/dL and 129 mg/ dL and in 13.8% they were higher than 130 mg/dL (P = 0.04). In 2006, LDL levels were high in 26.3% of boys, of whom 15.4% had levels between 110 mg/dL and 129 mg/dL and 10.9% had levels > 130 (P = 0.006). In 2000, LDL in 24% of the total number of girls was between 110 mg/dL and 129 mg/dL and in 17.4% it was > 130 mg/dL. In 2003, LDL in 21.6% of the girls was between 110 mg/dL and 129 mg/dL and in 14.7% was > 130 mg/dL (P = 0.01); In 2006 these figures were 13.2% and 9.0% respectively (P = 0.001).
Discussion
This study showed that indices of general and abdominal obesity increased but blood pressure and lipidaemia decreased in children and adolescents in Tehran, Islamic Republic of Iran, which is undergoing a nutrition transition. This study is the first epidemiological survey the country to compare the cardiovascular risk factors among children in 6-year intervals. The findings are important because Iran has undergone some rapid changes in recent years in the following categories: nutritional status and physical activities in children and adolescents, reproduction and mortality rates, and urbanization status. Overweight and obesity can help predict cardiovascular disease development in the future. Additionally, high waist circumference (as an index of abdominal obesity) and decreased HDL increase the risk of noncommunicable diseases in adulthood, which can be triggered at a lower age. Although unexpected, favourable changes in blood pressure and serum lipid concentrations were observed in this study, despite increases in general and abdominal obesity. These results are probably due to the national programme that is designed to decrease salt and lipid consumption. This programme consists of consumption of more unsaturated fat and replacement of lipid oil for solid oil and educating the public on proper nutrition, exercise and diet through the media. None of these subjects were receiving anti-hypertensive or anti-lipid drug treatments.
The high prevalence of low HDL is probably due to specific genetic backgrounds as it has been previously reported in Iranian adults [12] . High prevalence of low HDL has also been reported in other Middle Eastern countries, such as Turkey and Oman [17, 18] . Along with genetic background, what is eaten in childhood, such as diets with high levels of solid hydrogenated oils that contain transacids and/or saturated fats, can also cause HDL cholesterol and triglyceride increases [19] .
An NHANES study found that the overweight prevalence increased from 4% to 6% in 1976-1980 and to 16% in 1999-2002 [20, 21] . In this study, high blood pressure, low HDL cholesterol and triglycerides were raised in children who were overweight but there was no relationship between overweight, total cholesterol and LDL cholesterol [22] .
In a study conducted in Korea in 3-year intervals for children 10-18 years old, overweight prevalence increased from 5.4% to 11.6%. Triglyceride levels were significantly increased in the second period, and the LDL, HDL, and blood pressure measurements improved [23] . In our study, waist circumference and body weight significantly increased during the three defined periods. These findings are similar to a study performed in the United States in children ages 2-17 years and from the third period of NHANES to 2000. The BMI and waist circumference increased, but triglyceride and glucose levels, which are associated with obesity, decreased during this time. Total cholesterol, LDL cholesterol, HDL cholesterol, and haemoglobin A1C showed no differences between the two periods [24] .
It is now known that BMI does not show the body lipid percentage and is not a good prognostic factor for determining cardiovascular disease in children; therefore, waist circumference is used for estimating abdominal fat [25] . In our study, waist circumference was an important factor for developing metabolic syndrome; however, the waist-to-hip ratio was not. Our study is in accordance with previous studies that showed high waist circumference as an important characteristic in metabolic syndrome in children and adolescents [10] .
There are some limitations in our study. As a cross-sectional study, the causative factors could not be evaluated and the length of the follow-up was short. Additionally, one cannot predict the future changes that may occur in this population as adults. It should also be noted that the most recent data pertain to about 6 years ago and changes in life style have continued since then which may affect the risk factors evaluated. There is a need therefore to follow up on the children and adolescents who were included in TLGS in the future.
To conclude, this study showed increasing prevalences of general and abdominal obesity in Tehran children and adolescents. These increases may cause serious public health problems in this country. The causes of blood pressure and serum lipid concentration decreases should be further evaluated.
